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Summary 
 
Poison ivy (Toxicodendron radicans (L.) Kuntze) is a species belonging to the 
Anacardiaceae that is native to southern Canada, North America, Mexico, Bermuda, 
the western Bahamas, Japan, Koerilen, Taiwan and west and central China. In order to 
prevent dike erosion, T. radicans was planted at the beginning of the 20th century at 
the Vangdijk, northeast of the village of Hemelum in Friesland, the Netherlands. The 
plant remains highly abundant at this location and is the cause of occasional 
complaints of allergic reactions and contact dermatitis from the public that are related 
to the allergen urushiol, contained in the plants resin. To support decision making with 
regard to the design of measures to prevent ecological, socio-economic and public 
health effects, the Invasive Alien Species Team of the Netherlands Food and 
Consumer Product Safety Authority (Ministry of Economic Affairs) has asked for a risk 
analysis of T. radicans. 
 
Methodology 
A literature study was performed to provide an overview of the current knowledge on 
the distribution and invasion biology of T. radicans and to support a risk assessment 
within the Dutch context. Literature data were collected on the physiological 
tolerances, colonization vectors, ecological and socio-economic impacts and potential 
measures for management of this species. The literature study was largely internet 
based, supported by the use of a university library. The academic search engines Web 
of Knowledge and Google Scholar were systematically searched together with 
searches of non-native species database from QBank, the GB non-native species 
secretariat, Invasive alien species Belgium, DAISIE, NOBANIS, the Global non-native 
species database and the EPPO. Additional searches using Google.nl facilitated an 
analysis of information on T. radicans accessible to the Dutch public.  
 
Habitat requirements 
In its native range, T. radicans establishes in forests, fields, on the margins of ponds 
and lakes, riparian areas, seasonally or intermittently flooded areas, marshes, 
swamps, dry barren flats, slopes, cliffs and rocky ridges. The plant is also found in 
urban environments such as parks, at roadsides, grass verges, gardens, railway tracks 
and vacant lots. T. radicans prefers moist but well-drained soils, although it tolerates a 
wide range of fertility, moisture, and other conditions. The plant grows in clay, silty, 
loamy and sandy soils. It also occurs at locations dominated by rocks, stones, cobbles 
and gravel. The plant requires a stable surface for root attachment when climbing, as 
opposed to rapidly exfoliating or crumbling bark. T. radicans occurs in soils of all 
nutrient types but favours nutrient rich conditions with a high calcium content. T. 
radicans is intolerant of extreme cold. In Canada, horizontal root sections and vertical 
stems are often killed during winter. Intolerance to freezing results in a relatively short 
growing season compared to many shrubs and trees. In the United States and 
Canada, T. radicans tolerates average annual temperatures ranging from 4 °C to 22 
°C. The plant is able to grow in full sunlight but is most abundant in moderately shaded 
locations such as forest glades and edges. Evidence from a number of surveys in the 
United States indicate that T. radicans prefers locations where the tree canopy is 
partially closed. T. radicans tolerates a wide range of pH, occurring in extremely acidic 
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to moderately alkaline soils but grows best in circum-neutral soils.	  In the United States 
and Canada, T. radicans occurs at locations with a mean annual rainfall ranging from 
391 mm to 1572 mm. The plant appears to tolerate and growth may even be 
stimulated by flooding. T. radicans appears to be intolerant of drought. In the future, T. 
radicans may benefit from increasing temperatures and carbon dioxide levels 
associated with climate change due to increased photosynthesis, water-use efficiency, 
growth and population biomass. 
 
The Netherlands lies mainly within region Cfb of the Koppen-Geiger climate 
classification which is defined as warm temperate, fully humid, with a warm summer. 
The location where T. radicans grows in the Netherlands lies within this area. The Cfb 
classification matches two relatively small areas within the native range of T. radicans 
in the United States of America. A relatively small area on the eastern border of the 
Netherlands with Germany is classified within region Dfb which is defined as snow, 
fully humid, with a warm summer. Region Dfb covers a broader area in T. radicans 
native range, limited to the northern United States and southern Canada.  
 
Global distribution 
T. radicans is widely distributed and abundant with a native range covering the 
northern, south-central, south-eastern and south-western United States. The plant is 
also native to Bermuda, Guatemala, the western Bahamas, Mexico, Japan, China, 
Taiwan, and Russia (Kurile Islands, Sakhalin). T. radicans has been introduced to 
Europe where it is naturalised in Italy, France and possibly Germany. Records from 
the New Forest in the United Kingdom have been reported however these could not be 
verified. Reports from outside Europe suggest that the plant has become invasive in 
Australia and New Zealand and caused reported cases of contact dermatitis. However, 
other sources suggest that the plant has only been occasionally planted in these 
countries or do not list it as naturalised in Australia. T. radicans may have been 
introduced to South Africa, however this could not be verified.  
 
Distribution in the Netherlands 
The only location where T. radicans occurs in nature in the Netherlands lies in the 
municipality of Sudwest Fryslân in the south west region of the province of Friesland. 
The location at the Vangdijk is located entirely within the Natura 2000 area 
‘Oudegaasterbrekken, Fluessen en omgeving’ according to the European Habitat 
Directive and Bird Directive. 
 
A survey of botanical gardens in the Netherlands revealed that five botanical gardens 
grow T. radicans as part of their collection. One grew T. radicans in the past, however 
these plants have recently been removed. 
 
Dispersal vectors 
Seeds of T. radicans disperse in its native range facilitated by frugivores (mammals 
and birds) following ingestion of the fleshy fruit, and sometimes by water transport 
(hydrochory). It is also able to reproduce vegetatively. In the Netherlands, T. radicans 
is most probably limited to vegetative reproduction, as spread is limited to the area 
where it was introduced in 1919. However, the plants do bear fruit at this location, so 
the possibility of seed germination cannot be completely ruled out. 
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A search of Google.nl revealed that five out of a total of 300 websites screened offered 
T. radicans plants or seeds for sale, and only one of these was based in the 
Netherlands. Two cases of members of the public importing cuttings of T. radicans to 
Europe from North America were found during the literature study, one in Germany 
and the other in Wales.  
 
Ecological impacts 
T. radicans appears to be a dominant species occupying the growing site at the 
Vangdijk in Friesland, the Netherlands. Here the plant has established a dense ground 
layer, climbed to the tops of willow and hawthorn trees, and spread vegetatively to an 
adjoining grass verge. However, there is no information available in literature 
describing the impact of T. radicans on native species at this location. Evidence from 
climatically dissimilar countries to the Netherlands suggest that T. radicans may alter 
plant species composition. Generally, woody vines may alter succession by increasing 
tree mortality and limiting tree and herbaceous vegetation regeneration and growth. 
These impacts occur particularly in the high light conditions that occur at forest edges, 
in forest glades or at early to mid-successional stages. Woody vines compete below 
and above ground with trees leading to reduced tree leaf photosynthetic capacity, 
reduced photosynthetic nitrogen-use efficiency and a lower allocation to leaves 
compared with stem. It should be noted that climate appears to have a strong 
influence on T. radicans growth form which may in turn influence the level of its 
ecological impacts. In much of the eastern and mid-western regions of the United 
States, T. radicans grows as a large climbing woody vine. However, at the extreme 
northern limit of its American and Canadian range, T. radicans occurs only as a low-
growing, trailing vine. 
 
In general, T. radicans is an invader during the early stages of succession in many 
environments. It tolerates fire, insects and disease, and competes strongly with other 
plants. In forests it is suggested that T. radicans employs a sit and wait strategy in late 
succession by persisting at low abundance in the tree canopy until natural tree fall or 
another disturbance leads to an opening in the vegetation. 
 
Human health impacts 
T. radicans, like all Toxicodendron species contains urushiol, a chemical present in the 
leaves, roots, berries and stems. Urushiol is an allergen in humans and several higher 
primates. Additionally, the chemical may be released in smoke as a result of plant 
burning leading to lung inflammation and generalised dermatitis. Direct skin contact 
leads to the development of allergic contact dermatitis 12 to 48 hours after exposure in 
80-90 % of the human population. Symptoms include swelling, erythema (redness), 
vesicle formation, and bullae (large blisters containing tissue fluid), typically occurring 
hours to days after exposure. Rubbing or scratching the blisters or rash may lead to 
bacterial infection. At locations where the plant is widespread, T. radicans ranks 
among the most medically problematic plants. In the United States, contact with 
urushiol results in over 350,000 reported cases of contact dermatitis per year. In the 
Netherlands, there are no reports of dermatitis resulting from exposure to T. radicans 
recorded by the public health service (GGD) or the local GP practice (huisarts) in the 
Province of Friesland where T. radicans appears in nature. However, nearly all 
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surveyed botanical gardens in the Netherlands reported that personnel had suffered 
health problems because of contact with T. radicans where the plant was kept. 
 
Economic impacts 
In North America, people undertaking wilderness, rural, and even suburban 
recreational activities and outdoor workers are at risk of exposure to T. radicans  which 
may result in cases of contact dermatitis which incur significant economic costs 
resulting from sick leave and medical treatment. Examples of high risk occupations 
include farmers, foresters, landscapers, groundskeepers, gardeners, painters, roofers, 
pavers, construction workers, labourers and mechanics. Employees who come into 
contact with the smoke of burning T. radicans such as forestry workers and firefighters 
suffer an additional risk from lung irritation following inhalation. 
 
Effective management options  
T. radicans can be removed by carefully digging out the plant with the rhizomes and 
roots. However, attempted removal by ploughing or by hand may leave fragments in 
the soil which will sprout and eventually replace the original plants. To prevent 
regrowth, the cleared area can be covered with an opaque material. Sowing or 
planting a ground covering plant may also help to suppress regrowth.	   Repeatedly 
cutting the plant down to the ground without removing the roots for many years will 
exhaust the root system and eventually kill the plant. After removal, the isolation of T. 
radicans plant waste by burying deeply to avoid regrowth or by placement in a 
sealable bin or plastic bag rather than on a compost pile is recommended. If biological 
control is preferred, goats seem to favour T. radicans particularly and browse on it 
without apparent adverse effects. However, suppression of T. radicans with goats has 
to be continued over several years until the root system is depleted. Chemical control 
of T. radicans can be achieved using the herbicides triclopyr (3,5,6-Trichloro-2-
pyridinyloxyacetic acid) and 2,4-D (2,4-Dichlorophenoxyacetic acid). According to the 
Dutch board for the authorization of plant protection products and biocides (ctgb), 
certain preparations of glyphosate, 2,4-D and triclopyr may be used in the Netherlands 
by professionals and non-professionals. After applying herbicides, plant remains will 
still contain urushiol.	  
 
Further research 
The reasons for the limited distribution and dispersal capacity of T. radicans in the 
Netherlands i.e. its inability to spread through seed dispersal, are unclear. Further 
research is required to elucidate the feeding behaviour of frugivores that act as 
potential vectors of seed spread in the Netherlands. Establishing the specific 
conditions that could allow the plant to spread from the Vangdijk and botanical gardens 
in the Netherlands will allow nature managers to better predict the likelihood that T. 
radicans will colonise and become invasive at other locations. Establishing the 
conditions that allow T. radicans to spread will facilitate the design of more effective 
management measures. Genetic analysis of poison ivy plants present in the 
Netherlands is recommended to confirm their identity as T. radicans spp. radicans. 
Due to the potentially extensive T. radicans seed bank present at the Vangdijk and the 
associated risk of further spread, it is recommended that seeds taken from the seed 
bank at the Vangdijk are tested for long term viability.  
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1. Introduction 
 
1.1. Background and problem statement 
 
Poison ivy (Toxicodendron radicans) was planted at the beginning of the 20th century 
at the Vangdijk in Friesland, the Netherlands in order to prevent dike erosion (Ploeg, 
1966). The plant remains highly abundant at this location and is the cause of 
occasional complaints of allergic reactions and contact dermatitis from the public that 
are related to the allergen urushiol that is contained in the plants resin. 
 
At the start of this project, there was a lack of knowledge regarding the pathways for 
introduction, vectors for spread, key factors for establishment and invasiveness, and 
(potential) effects of T. radicans in the Netherlands. To support decision making with 
regard to the design of measures to prevent ecological, socio-economical and public 
health effects, the Invasive Alien Species Team of the Netherlands Food and 
Consumer Product Safety Authority (Ministry of Economic Affairs) requested that a risk 
assessment of T. radicans be undertaken. The present report reviews available 
knowledge and data in order to perform a risk assessment of the species.  
 
1.2. Research goals 
 
The major goals of this study are: 
• To describe the species and habitat characteristics of T. radicans. 
 
• To describe the global distribution and to analyse the current spread of T. 
radicans in the Netherlands. 
 
• To identify the key factors for dispersal (pathways, vectors, invasiveness) and 
successful establishment of T. radicans.  
 
• To assess (potential) ecological, socio-economical and public health effects of 
T. radicans in the Netherlands, taking into account the impacts of this species 
in other geographical areas.  
 
• To summarise available risk classifications of T. radicans in other countries. 
 
• To review management options for the control of spread, establishment and 
negative effects of T. radicans.  
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1.3. Outline and coherence of research  
 
The coherence between various research activities and outcomes of the study are 
visualised in a flow chart (Figure 1.2). The present chapter describes the problem 
statement, goals and research questions in order to identify key factors for the 
dispersal, establishment, effects and management of T. radicans in the Netherlands. 
Chapter 2 gives the methodological framework of the project and describes the 
literature review, data acquisition and field surveys. Chapter 3 describes the identity, 
taxonomical status and reproductive biology of the species and briefly mentions 
differences with similar species. Habitat characteristics of T. radicans are 
summarized in chapter 4. The geographical distribution and trends in distribution in 
the Netherlands, including relevant pathways and vectors for dispersal are given in 
chapter 5. Chapter 6 analyses the ecological, economic and public health effects of 
the species. Formal risk assessments and available risk classifications are 
summarized in chapter 7. Chapter 8 describes the scope of management options and 
focuses on prevention, eradication measures and control of the species. Finally, 
chapter 9 draws conclusions and gives recommendations for management and 
further research. Appendices with raw data and background information complete 
this report. The report is used as background information for an expert meeting in 
order to assess the dispersion, invasiveness, (potential) risks and management 
options of this species in the Netherlands (Risk analysis).  
 
 
Figure 1.2: Flow chart visualising the coherence of various research activities in order to 
develop a knowledge document for risk analysis of poison ivy (Toxicodendron radicans) in the 
Netherlands. Chapter numbers are indicated in brackets.  
Species 
Description
(3)
Knowledge 
document
Data acquisition on spread, 
establishment, impacts, risks 
and management
(2)
Ecological and 
societal impacts
(6)
Habitat 
characterization
(4)
Field 
Surveys
Distribution, 
dispersal and 
invasiveness
(5)
Expert meeting 
for risk 
assessment
Management 
options
(8)
Risk analysis 
Development of a knowledge 
document for risk analysis of 
Toxicodendron radicans in 
the Netherlands?
(1)
Available risk
Classifications
(7)
Literature 
review 
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2. Materials and methods 
 
2.1. Literature review 
 
A literature study was carried out to provide an overview of the current knowledge on 
the distribution and invasion biology of poison ivy (Toxicodendron radicans). Literature 
data were collected on physiological tolerances, substrate preference, colonization 
vectors, ecological and socio-economic impacts and potential measures for the 
management of this species. Our search was largely internet based, supported by the 
use of a university library. Academic and non-academic search engines and websites 
were systematically searched using the Web of Knowledge, Google Scholar and 
Google.nl. Specific searches of invasive species databases were made to identify 
ecological effects relating to the potential invasive nature of T. radicans. Databases 
were queried from QBank (http://www.q-bank.eu/Plants/), the GB non-native species 
secretariat (http://www.nonnativespecies.org/home/index.cfm), Invasive alien species 
Belgium (http://ias.biodiversity.be/), DAISIE (http://www.europe-aliens.org/), NOBANIS 
(http://www.nobanis.org/), EPPO (http://www.eppo.int/) and the Global non-native 
species database (http://www.issg.org/database/welcome/). All search results from the 
Web of Knowledge and the invasive species databases were examined, while the first 
50 results from Google Scholar and Google.nl were examined due to the decreasing 
relevance of search results returned using this search engine. Search terms used to 
carry out the literature study were: the official scientific name Toxicodendron radicans 
and the synonyms Toxicodendron vulgare, Rhus toxicodendron and Rhus radicans 
and the English common name poison ivy. 
 
An analysis of search engine hits via Google.nl was performed in order to analyse the 
general public’s access to T. radicans plants and seeds in the Netherlands from online 
retailers. The first 50 websites found were categorized according to their content. 
Google was searched using the terms ‘Toxicodendron radicans te koop’, 
‘Toxicodendron radicans buy’, ‘Rhus radicans te koop’, ‘Rhus radicans buy’ and using 
the Dutch common name ‘Gifsumak te koop’. Websites that contained names not 
referring directly to a species e.g. where only the genus Toxicodendron was 
mentioned, were omitted. The retailer’s country of origin was noted, as this was 
assumed to influence the buying behaviour of hobbyists. Also the type of product 
available was recorded (whole plants, seeds, cuttings). The total number of websites 
contained within each category was calculated. If the same website was found using 
two or more different search terms, it was included in the calculations of both or all of 
these search terms. This gives an impression of the accessibility of the websites using 
different search terms which reflects the ease with which the public have access to 
them, and the potential level of impact of the information contained. It should be noted 
that Google may provide personalised results according to previous search terms 
entered. The results of this exercise may therefore not be reproducible from different 
IP addresses. 
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2.2. Data acquisition on current distribution and health impacts 
 
Distribution data originated from the National Database Flora & Fauna (NDFF). The 
RIVM (National Institute for Public Health and the Environment) report entitled 
‘Beoordeling Gifsumak’ (RIVM, 2014), formed the basis of section 6.3, that describes 
the public health impacts of T. radicans. A few recordings in the province of Noord-
Brabant, present in the original species records, were checked by Mr. J. Spronk and 
proved to be incorrect. It appeared to be Rhus typhina which was written in the 
margins of the species records and erroneously digitized as Rhus radicans. 
Additionally, a survey of botanical gardens Netherlands was made to determine the 
number that kept T. radicans in their collections. Additional information was collected 
concerning the number of plants grown and their ability to produce viable seeds and 
seedlings. 
 
During the course of the project the GP practice (huisarts) responsible for the region 
where T. radicans grows in the Netherlands (Huisartsenpraktijk Koudum) was 
contacted to determine the health impact of the plant on the local population. 
 
2.3. Additional field survey  
 
On the 7th of October 2014, the only known location of T. radicans in the Netherlands 
was visited, at the Vangdijk near Hemelum. A Tansley survey was made (Appendix 1). 
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3. Species description 
 
3.1. Nomenclature and taxonomical status  
	  
The systematics of the genus Toxicodendron is discussed in detail in the monograph of 
Gillis (1971). The Linnean genus Rhus L. used to be the largest and most widely 
distributed genus within the family Anacardiaceae. In the past century several genera 
including Toxicodendron have been split off from the genus Rhus. Due to within-species 
variation, the taxonomy and nomenclature of North American Toxicodendron species 
have been in constant change during the last century, resulting in an abundance of 
synonyms and a lot of confusion. Nowadays five species are generally recognized in 
North America: eastern poison ivy (Toxicodendron radicans), western poison ivy 
(Toxicodendron rydbergii), eastern poison oak (Toxicodendron pubescens), western 
poison oak (Toxicodendron diversilobum) and poison-sumac (Toxicodendron vernix). 
Table 3.1 gives an overview of the nomenclature and taxonomical status of T. radicans. 
 
Table 3.1: Nomenclature and taxonomical status of poison ivy (Toxicodendron radicans).  
 
Scientific name: 
Toxicodendron radicans (L.) Kuntze (Revis. Gen. Pl. 1: 153. 1891) 
 
Synonyms: 
Rhus radicans L. (Sp. Pl. 1: 266. 1753) 
Philostemon radicans (L.) Raf.(	  Fl. Ludov. 107. 1817) 
Rhus toxicodendron var. radicans (L.) Torr. (Fl. N. Middle United States 1: 324. 1824) 
 
Taxonomic tree; 
APG (van der Meijden 2005) 
Domain: Eukaryota 
Kingdom: Plantae 
Phylum: Tracheophyta 
Class: Spermatopsida 
Clade: Malvids 
Order: Sapindales 
Family: Anacardiaceae 
Genus: Rhus 
Species: Rhus radicans 
 
 
Species 2000 & ITIS Catalogue of Life 2013 
Domain: Eukaryota 
Kingdom: Plantae 
Phylum: Tracheophyta 
Class: Magnoliopsida 
Order: Sapindales 
Family: Anacardiaceae 
Genus: Toxicodendron 
Species: Toxicodendron radicans 
 
Preferred Dutch name:  
Gifsumak 
Preferred English name: 
Poison ivy 
Other Dutch names: 
None 
Other English names: 
Common poison ivy, eastern poison ivy, markweed, poison-mercury 
 
Native range:  
North and Central America, China, Taiwan and Japan. 
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Within T. radicans, nine to ten subspecies can be distinguished. Each subspecies is 
distributed in a specific region. The subspecies orientale and hispidum are confined to 
Eastern Asia, the other subspecies to Central- and North America. In Central- and North 
America there are zones of overlap with intermediate forms. Some authors consider T. 
rydbergii as a subspecies of T. radicans while others consider the subsp. orientale as a 
separate species (Table 3.2). T. radicans spp. radicans is considered to be the most 
likely subspecies present in Dutch nature. However, genetic analysis of plants present in 
the Netherlands is required to confirm the identity of the subspecies.  
 
Table 3.2: Nomenclature and distribution of poison ivy (Toxicodendron radicans) subspecies 
(Gillis, 1971; The Plant List, 2014). 
Gillis (1971) The Plant List Distribution 
Toxicodendron radicans 
subsp. radicans (L.) Kuntze 
 United States, states bordering on the 
Atlantic Ocean, southern Maine 
southwest, west to Appalachians, Ozarks, 
and East Texas; Bahama Islands; 
Bermuda 
Toxicodendron radicans 
subsp. negundo (Greene) 
Gillis 
Toxicodendron radicans var. 
negundo (Greene) Reveal 
Ontario, Kentucky, Tennessee, Arkansas, 
Oklahoma, Kansas, Nebraska, Iowa 
Toxicodendron radicans 
subsp. pubens (Engelm. ex 
S. Watson) Gillis 
Toxicodendron radicans var. 
pubens (Engelm. ex S. 
Watson) Reveal 
Eastern Texas, Mississippi, Louisiana, 
Arkansas, Missouri, Texas, Kansas 
Toxicodendron rydbergii 
(Small ex Rvdberg) Greene 
Toxicodendron radicans 
subsp. rydbergii (Small ex 
Rydb.) Á. Löve & D. Löve 
Southern Canada,  Oregon, Utah, Arizona 
Texas, Kansas, Nebraska, Iowa, 
Wisconsin, Michigan, New York, New 
England 
Toxicodendron radicans 
subsp. verrucosum (Scheele) 
Gillis 
 Texas and Oklahoma 
Toxicodendron radicans 
subsp. eximium (Greene) 
Gillis 
 South-western Texas, Mexico 
Toxicodendron radicans 
subsp. divaricatum (Greene) 
Gillis 
 Mexico and United States: Sierra Madre 
Occidental, north to south-eastern corner 
of Arizona 
Toxicodendron radicans 
subsp. barkleyi Gillis subsp. 
nov. 
 Mexico and Guatemala 
Toxicodendron radicans 
subsp. orientale (Greene) 
Gillis comb. nov. 
Toxicodendron orientale 
Greene 
Japan, Kurile Islands, Sakhalin 
Toxicodendron radicans 
subsp. hispidum (Engl.) Gillis 
 Western and central China, Taiwan 
 
3.2. Species characteristics 
 
T. radicans is a deciduous vine or shrub, rarely an epiphyte or tree, with slender, 
glabrous to puberulent branches and with creeping tillers that grow along the ground 
(Fig. 3.1). The stems sometimes reach 15 cm in diameter and can ascend 20 m or more 
into tree crowns. Older stems often form brown aerial roots. The root system produces a 
woody taproot and long rhizomes; the rhizomes produce vegetative offsets.  
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Figure 3.1: Poison ivy (Toxicodendron radicans) growing at the Vangdijk in the Netherlands 
(Photo: W. Braam). 
 
The alternate compound trifoliate leaves have long (2-20 cm) petioles. The leaflets are 
ovate to elliptic, with smooth, irregularly serrate, or slightly dentate margins. The leaflets 
are glabrous to puberulent above, often with minute curled hairs on the upper mid-vein 
near the base. Posteriorly, the leaflets are glabrous to velutinous, often with tufts of hairs 
on the main vein axils. The lateral leaflets are mostly 2.5-18 cm long, 1.0-10.0 cm wide 
and truncate to obtuse with petiolules less than 0.1-1.2 cm long. The terminal leaflet 
blade is 2.5-17.0 cm long, 2-13.0 cm wide, obtuse, subcordate, or truncate at the base, 
with the widest part generally below the centre and with petiolules 0.5-6.0 cm long. In 
autumn the leaves colour changes to yellow to orange and occasionally red or bronze 
(Fig. 3.2). 
 
Figure 3.2: Poison ivy (Toxicodendron radicans) A: Summer and B: Autumn colours (Photos: R. 
Beringen and J. van Valkenburg). 
 
The inflorescence is an axillary up to 1 dm long panicle. The pedicels are pilose and 2-5 
mm long. The deciduous bracts are deltoid to lanceolate, 0.7-10 mm long and 0.5-3 mm 
at the widest point. The five sepals are deltoid-ovate, 1 mm long and 2-4 mm wide. The 
five cream to yellow-green, dark veined petals are 2-5 mm long and 2-5 mm wide, 
reflexed in male and recurved in female flowers. The 5 anthers are 1-1.5 mm long and 
0.5-1.1 mm wide. The white filaments are 1.3-1.8 mm long.	  An individual plant may have 
perfect flowers, staminate flowers only, pistillate flowers only, or both staminate and 
pistillate flowers (Fig. 3.3). 
BA
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Figure 3.3: Poison ivy (Toxicodendron radicans) flowers. The photo is of male (♂) flowers 
(Photo: W. Braam; drawing by Priscilla Fawcett, from Gillis (1971), accessed from 
http://www.biodiversitylibrary.org/.). 
A: habitus flowering branch, B & E: female flower, C & D: male flower, F: ultimate branch of 
inflorescence, G: long section of female flower, H & I: floral diagrams of female flowers, J & K: 
floral diagrams of male flowers.  
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The fruit is a hard, cream, yellow or tan coloured drupe, globose to globose-reniform, 
sometimes laterally flattened, 0.25-0.7 cm across and 0.15-0.65 cm wide (Fig. 3.4). The 
exocarp is glabrous to bristly, becoming papery upon ripening, readily separating from 
the mesocarp, later deciduous. The mesocarp shows black striae in a white, waxy 
matrix. The endocarp is dun-coloured and bony. 
 
Figure 3.4: Fruits of poison ivy (Toxicodendron radicans) (Photo: J. van Valkenburg; drawing by 
Priscilla Fawcett, from Gillis (1971), accessed from http://www.biodiversitylibrary.org/.). 
A: habitus, B: intact fruits, C: fruit with portion of exocarp removed, D: fruit with exocarp removed, 
showing striated endocarp, the form of the usual propagule. 
 
3.3. Differences with visually similar species  
 
In North America eastern poison ivy (T. radicans) may be confused with other 
Toxicodendron species such as western poison ivy (T. rydbergii), eastern poison oak (T. 
pubescens) and western poison oak (T. diversilobum). All these species release the 
human allergen urushiol when the leaf or other plant parts are bruised, damaged, or 
burnt. The latter three species can be differentiated from other non-poisonous species 
by their alternate, deciduous, compound leaves, consisting of three leaflets. This 
arrangement has often been used in campaigns to assist the public in identifying 
allergenic plants ("Leaves of three, Let them be!"). The petiole of the top-leaflet is 
usually much longer than the petioles of both lateral leaflets in all species. When the 
leaves are bruised the resin seeps to the leaf surface, turns black and forms black 
spots. The leaflet margins of both poison oak species are usually deeply lobed and 
resemble oak leaves; The leaflet margins of both poison ivy species are flat, toothed, or 
only slightly lobed. 
 
In North America, T. radicans is often mistaken for Virginia creeper (Parthenocissus 
quinquefolia). This is a common, nontoxic, native vine which has a similar growth habit 
to T. radicans but typically has five leaflets instead of three. The aerial roots of Virginia 
creeper terminate in flat adhesive discs whereas these are absent in T. radicans (Baker, 
2012; Guin, 1980). Box elder saplings (Acer negundo) also resemble T. radicans. These 
plants also feature three leaflets, however the leaves are not alternate but opposed in A. 
negundo. Both A. negundo and P. quinquefolia are naturalised in the Netherlands. 
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3.4. Reproduction  
 
T. radicans spreads extensively by means of scandent stems that root along their whole 
lengths and below-ground rhizomes that send up shoots frequently (Fig. 3.5).  
 
 
Figure 3.5: Rooting tiller displaying vegetative reproduction of poison ivy (Toxicodendron 
radicans) at the Vangdijk, Friesland, the Netherlands (Photo: R. Beringen). 
 
There are different opinions about the distribution of male and female flowers. Most 
authors state that T. radicans is dioecious (e.g. Gillis, 1971). Others state that an 
individual plant may have perfect flowers, staminate flowers only, pistillate flowers only, 
or both staminate and pistillate flowers (e.g.	  Hilty, 2014). The flowers are not specialized 
for any particular pollinator type and are visited by ants, bees, beetles, butterflies, flies, 
true bugs, and wasps. Bees (Apis spp., Andrena spp.), wasps and ants appear to be the 
most important pollinators (Senchina, 2008a). The fruits are eaten and dispersed by 
numerous birds and mammals during fall, winter, and spring, and occasionally dispersed 
by water flow (USDA Forest Service, 2014; Vazquez & Givnish, 1998; Schneider & 
Sharitz, 1988). 
 
3.5. Life cycle 
 
T. radicans is a deciduous vine with leaves that emerge in early May in the Netherlands. 
At first the leaves are tinged with red, but turn green by the end of May. Flowering 
occurs in late May or early July in the Netherlands, and lasts for approximately two to 
three weeks. Each flower is replaced by a drupe that contains a single seed. The drupes 
are green when young, subsequently maturing during the Autumn and can persist 
through the winter. The leaves develop their Autumn colours in October and shed in late 
October or early November. Young plants firstly produce seeds at the age of three years 
(Gillis, 1971). Seeds of T. radicans must be scarified and / or cold-stratified for long 
periods (three to four months) for germination to occur. Germination tests from soils 
indicate that T. radicans forms a persistent seed bank (USDA Forest Service, 2014). 
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4. Habitat characteristics 
 
4.1. Habitat description  
	  
At the Vangdijk, Friesland, the Netherlands poison ivy (Toxicodendron radicans) grows 
abundantly along a stretch of more than 400 metres. T. radicans doesn’t root in the most 
water saturated zone near the bank of the lake. The vegetation on the top of the dike is 
mowed. In this relatively dry location T. radicans is still present with very short shoots 
(Fig. 4.1).  
 
Figure 4.1: Poison ivy (Toxicodendron radicans) growing at a relatively dry, regularly mowed 
location at the Vangdijk, Friesland, the Netherlands. (Photo: R. Beringen). 
 
In its native range, T. radicans establishes in forests, fields, on the margins of ponds 
and lakes, riparian areas, seasonally or intermittently flooded areas, marshes, swamps, 
dry barren flats, slopes, cliffs, rocky ridges and urban environments such as parks, road 
sides, gardens, railway tracks, vacant lots and is found abundantly at low elevations 
(NIOSH, 2014; USDA Forest Service, 2014; Francis, 2003). The abundance of T. 
radicans is often higher on forest margins and clearings due to increased temperature, 
decreased relative humidity, increased wind turbulence, and the availability of suitable 
supporting vegetation near forest edges (USDA Forest Service, 2014). Table 4.1 gives 
an overview of the physiological tolerances of poison ivy (T. radicans).  
 
Table 4.1: Physiological conditions tolerated by poison ivy (Toxicodendron radicans).  
Parameter Data origin Occurrence References 
pH United States 3.6-6.5 Artigas & Boerner, 1989; Gilliam & 
Christensen, 1986; Gillis, 1971 
Average temperature (°C) United States 4-22 Francis, 2003; Vincent et al., 1986; 
Abrahamson et al., 1984 
 The Netherlands 9.3-11.1 KNMI, 2014 
Rainfall (mm) North America 391 - 1572 Egler, 1952; Francis, 2003 
Substrate  clay, silty, loamy 
and sandy soils 
Francis, 2003; Brockway et al., 2009; 
Freeman & Dick-Peddie, 1970; Gilliam & 
Christensen, 1986; Hamilton & Limbird, 1982 
 
Temperature 
T. radicans appears to grow in a wide range of temperature conditions reflected in its 
North American native range which extends from Canada through the United States to 
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Mexico. The plant is able to grow in semiarid (Hladek, 1971; Tolstead, 1942) humid 
(Robertson et al., 1978; Weber, 1990), subtropical, and tropical regions of the United 
States (USDA Forest Service, 2014). However, T. radicans is intolerant of extreme cold. 
In Canada, horizontal root sections and vertical stems are often killed during winter 
(Mulligan & Junkins, 1977; USDA Forest Service, 2014). Many other temperate, woody, 
tree climbing vines (lianas) have special adaptations to avoid freezing which will 
damage and ultimately kill the plant (Sperry et al., 1987; Schnitzer, 2005). In temperate 
forests, T. radicans produces leaves relatively late in spring, and drops its leaves much 
earlier in autumn than its host trees. This is probably due to its vulnerability to freezing 
and results in a relatively short growing season compared to many shrubs and trees 
(Stiles, 1982; Schnitzer, 2005). T. radicans grows for 150 days in the northern extent of 
its range at a mean annual temperature of 5.3 °C (Francis, 2003). In the United States 
and Canada, T. radicans tolerates average annual temperatures ranging from 4 °C to 22 
°C (Vincent et al., 1986; Abrahamson et al., 1984). In these regions, the average 
number of frost days ranges from 0 to 111 (Egler, 1952; Ralston, 1960; USDA Forest 
Service, 2014). Where T. radicans grows at the Vangdijk, the Netherlands, average year 
temperature ranges between 9.3 and 11.1 °C and long term average year temperatures 
are about 9.6 °C (KNMI, 2014). 
 
Light 
T. radicans grows in full sunlight but is most abundant in moderately shaded locations 
(Gillis, 1971; Hayes & Garrison, 1960; Francis, 2003). At the Vangdijk, the Netherlands 
T. radicans is dominant in non-shaded spots. The plant is less abundant at the most 
shaded spots where some specimens of Dryopteris dilatata and Dryopteris filix-mas are 
present (R. Beringen, personal observation). Evidence from a number of surveys in the 
United States indicate that T. radicans prefers locations where the tree canopy is 
partially closed e.g. in Minnesota, the frequency of poison ivies peaked at 55% coverage 
when the canopy was 22% closed (USDA Forest Service, 2014). In south-western 
Illinois, researchers concluded that T. radicans was intolerant of heavy shade (Shotola 
et al., 1992). In a Massachusetts hardwood forest, T. radicans was more present at the 
forest edges presumably due to greater light availability (Buron et al., 1998). Moreover, 
in New York State, T. radicans was observed to prefer medium (60-85 m²) to large (120-
190 m²) canopy gaps while in Missouri coniferous forests, T. radicans was observed to 
prefer canopy gaps averaging 210 m² over a closed canopy (Anderson & Leopold, 2002; 
Stambaugh et al., 2002). On the other hand, in a mixed pine-hardwood baygall in west-
central Louisiana, T. radicans abundance increased as the canopy closed over a 15 
year period, while in a mixed hardwood forest in New London, Connecticut, T. radicans 
coverage did not change substantially over 45 years, despite tree mortality that led to an 
increase in light penetration (Allen et al., 2004; Goslee et al., 2005; USDA Forest 
Service, 2014). 
 
T. radicans spp. radicans may be better able to persist in closed-canopy forests than 
other sub-species due to its ability to access light by climbing into the forest canopy 
(Ladwig & Meiners, 2010; USDA Forest Service, 2014). However, in northern deciduous 
forests woody vines remain in leaf for a shorter duration than their host trees and are 
unable to take advantage of increased light in early spring or late autumn, whereas 
competing plants may benefit from photosynthesis occurring during these periods 
(Harrington et al., 1989; Schnitzer et al., 2008).  
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Substrate 
T. radicans prefers high nutrient, moist but well-drained soils, although the plant 
tolerates a wide range of fertility, moisture, and other conditions. T. radicans, grows in 
clay, silty, loamy and sandy soils (Francis, 2003; Brockway et al., 2009; Freeman & 
Dick-Peddie, 1970; Gilliam & Christensen, 1986; Hamilton & Limbird, 1982). The soil at 
the location were T. radicans thrives best at the Vangdijk in the Netherlands consists of 
moist, rather heavy clay with an organically enriched top layer of over 40 cm (Fig. 4.2). 
Litter is decomposed very well, probably due to the high numbers of earthworms. It also 
occurs at locations dominated by rocks, stones, cobbles and gravel (Johnston, 1987; 
Lauver et al., 1999; USDA Forest Service, 2014).  
 
Figure 4.2: Soil taken from an area of poison ivy (Toxicodendron radicans) growth at the 
Vangdijk, the Netherlands. (Photo: R. Beringen). 
 
T. radicans requires a stable surface for root attachment when climbing, as opposed to 
rapidly exfoliating or crumbling bark (Stevens, 1987; Talley et al., 1996). In a survey by 
Talley et al. (1996) of a southern deciduous hardwood forest in Alabama, USA, 
shagbark hickory (Carya ovata) was found to be the most favoured host of T. radicans. 
This tree has exfoliating bark, however the large, thick plates have a hard surface and 
are strongly attached to the trunk, persisting for many years. The authors suggested that 
the crevices in the bark provided favourable attachment points for the vine (Talley et al., 
1996). Inhibition of germination and seedling growth may occur due to allelochemical 
interactions between vine species and their hosts. For example, extracts of the barks of 
the North American tree species’ eastern black walnut (Juglans nigra) and the common 
sassafras (Sassafras albidum), inhibited germination and seedling growth in T. radicans, 
relative to bark extract of C. ovata (Talley et al., 1996). S. albidum bark contains safrole, 
ox-pinene, ox-phellandrene, camphor, and eugenol, that are phytotoxic (Gant & 
Clebsch, 1975; Talley et al., 1996). 
 
Nutrients 
T. radicans occurs in soils of all nutrient types but favours nutrient rich conditions 
(Francis, 2003). In Florida, USA, T. radicans was an important species in baldcypress 
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(Taxodium distichum var. distichum) stands growing on soils with high phosphorus 
levels (Nessel & Bayley, 1984). Poison ivies were dominant in the understory of a forest 
community in Wisconsin, USA, featuring sandy soils with poor to medium nutrient 
content (Kotar et al., 1988). Poison-ivies seem to prefer soils rich in calcium. In the 
laboratory, poison-ivy seeds germinated in a calcium-poor solution but died soon after 
(Gillis, 1971). Moreover, T. radicans abundance increased with increased soil calcium 
content in north-central Florida pondcypress (Taxodium ascendens) stands (USDA 
Forest Service, 2014).  
 
pH 
T. radicans tolerates a wide range of pH, occurring in extremely acidic to moderately 
alkaline soils but grows best in circum-neutral soils (Francis, 2003).	  However, it has 
been reported from soils with pH ranging from 3.6 to 6.5 (Artigas & Boerner, 1989; 
Gilliam & Christensen, 1986; Gillis, 1971), suggesting an acidic tolerance.  
 
Rainfall 
In the United States and Canada, T. radicans occurs at locations with a mean annual 
rainfall ranging from 391 mm to 1572 mm (Egler, 1952; Francis, 2003). However, the 
plant appears to be intolerant of drought. In the 1980s, following a severe drought in 
Tennessee, USA, the number T. radicans growing sites was reduced by half (Faulkner 
et al., 1989). In New Jersey, T. radicans cover suffered an overall reduction among six 
old fields in response to drought, returning to pre-drought levels after two years. The 
authors defined T. radicans as a drought susceptible species (Yurkonis & Meiners, 
2006). 
 
Flooding 
T. radicans appears to tolerate flooding. For example, in Florida swamps, T. radicans 
survives flooding and tolerates oligohaline water (Francis, 2003). Moreover, flooding 
may stimulate T. radicans growth after flood waters have receded following an initial 
decline. For example, T. radicans abundance was lower than that of control sites two 
years after controlled flooding experiments in red maple-green ash (Acer rubrum-
Fraxinus pennsylvanica) wetland reservoirs in New York, USA. However, eighteen years 
after flooding, T. radicans density exceeded that of the control sites (Deller & 
Balddassare, 1998). Moreover, following a 105 day flood in a hardwood forest along the 
Mississippi River in Louisiana, USA, submerged T. radicans plants were killed, whereas 
those with leaves above water survived. The stems of surviving plants sprouted 
vigorously after the flood water receded and forty-three days following the flood, T. 
radicans coverage was greater than coverage before the flood, although the difference 
was not statistically significant (Noble & Murphy, 1975). On the other hand, T. radicans 
in north-central Florida T. ascendens stands decreased in importance with increased 
flood depth (USDA Forest Service, 2014). 
 
Climate change 
T. radicans, may benefit from increasing temperatures and carbon dioxide levels 
associated with climate change (Londré & Schnitzer, 2006; Schnitzer et al., 2008). 
Under experimentally elevated levels of atmospheric carbon dioxide, even small (100 
mmol mol) changes resulted in increased photosynthesis, water-use efficiency, growth, 
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and population biomass in T. radicans. This suggests that rate of spread and ability to 
recover from herbivory may be enhanced as a result of increased atmospheric carbon 
dioxide. Moreover, plants exposed to elevated carbon dioxide also produced more 
urushiol, suggesting that T. radicans may also become more noxious (Mohan et al., 
2006; USDA Forest Service, 2014; Ziska et al., 2007). In situ observations have 
indicated that vines are likely to benefit relative to trees as a result of atmospheric CO2 
increase (Belote et al., 2004; Phillips et al., 2002). Vines may allocate more energy to 
additional leaf area rather than to support structures (Sasek & Strain, 1990; Tsugawa et 
al., 1980), resulting in a competitive advantage (Ziska et al., 2007).	  
 
Global atmospheric CO2 levels have increased by 40% over the last 150 years, with 
nearly 60% of this rise taking place after 1958 (Keeling & Whorf, 2005; Schnitzer et al., 
2008). Mean winter temperatures have increased by 2.4 °C. Despite this, poison ivy was 
the only liana species to decrease in abundance significantly during 45 years in mixed-
hardwood forests in Wisconsin (USDA Forest Service, 2014). Moreover, Forrester et al. 
(2006) reported that poison ivy ground cover decreased from nearly 10% to 1% between 
1967 and 1986 in an old growth maritime forest in New York, USA (Schnitzer et al., 
2008). This suggested that T. radicans was limited by factors other than carbon dioxide 
levels such as increases in the deer population, light availability, freezing winters and 
that CO2 concentrations may not yet have reached levels for liana species to overcome 
such limiting factors (Schnitzer et al., 2008). Growth increase in relation to increased 
CO2 concentration may be outweighed by changes in other more influential natural 
microhabitat variables such as in light or soil nutrients. Moreover, the large step change 
in CO2 concentration associated with experimental studies may lead to results that differ 
from what would occur following a relatively gradual increase in atmospheric CO2 
concentration (Schnitzer et al., 2008).   
 
4.2. Associations with other species  
 
Poison-ivies are mostly found in riparian, floodplain and wetland communities but also 
occur in woodlands, conifer forests, mixed hardwood-conifer forests and upland 
hardwood forests (Gillis, 1971; Natureserve, 2004; Taft, 2003; NIOSH, 2014). They may 
also occur in grassland environments (Adams et al., 1982; Becker, 1989; Heisler et al., 
2003; Heslinga & Grese, 2010). 
 
At the Vangdijk, the Netherlands, the vegetation consists of woody species comprising 
mainly Willow (Salix alba) and Hawthorn (Crataegus monogyna). Quercus robur, 
Sambucus nigra, Ilex europaea and Sorbus aucuparia are also present in small 
numbers. T. radicans ascends up to more than five metres into the S. alba and C. 
monogyna canopies. T. radicans forms a mat in understory at this location, in which only 
some tall herbs such as Phragmites australis, Urtica dioica, Carex acutiformis, Iris 
pseudacorus, Angelica sylvestris and Eupatorium cannabinum, some shrubs such as 
Rubus fruticosus, Ribes rubrum, Rosa canina and Salix cinerea and climbing species 
like Galium aparine, Convolvulus sepium, Hedera helix, Solanum dulcamara and 
Lonicera periclymenum can survive. At the mowed zone near the bicycle path T. 
radicans is accompanied by grassland species such as Glechoma hederacea, 
Anthriscus sylvestris, Poa trivialis, Lolium perenne, Rumex acetosa, Ranunculus 
repens, Plantago lanceolata, Dactylis glomerata, Holcus lanatus and Ranunculus acris. 
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4.3. Climate match and bio-geographical comparison 
 
A comparison of climate and biogeography was made between T. radicans’s U.S. and 
Canadian native range and the Netherlands.  
 
Koppen-Geiger climate classification 
	  
Figure 4.3: Poison ivy’s (Toxicodendron radicans’) native U.S. and Canadian range (   ) climate 
matched to the Netherlands (region Cfb and Dfb). Adapted from Peel et al. (2007a,b). 
 
The Koppen-Geiger climate classification bases its climate maps on recent data sets 
from the Global Precipitation Climatology Centre (GPCC) at the German Weather 
Service and the Climatic Research Unit (CRU) of the University of East Anglia in the 
United Kingdom (Peel et al., 2007a,b; Rubel & Kottek, 2010). Climate regions are based 
on three elements: main climate, precipitation and air temperature. The Netherlands lies 
mainly within region Cfb which is defined as warm temperate, fully humid, with a warm 
summer. The location where T. radicans grows in the Netherlands lies within this area. 
The Cfb classification matches two relatively small areas within the native range of T. 
radicans in the United States of America. A relatively small area on the eastern border 
of the Netherlands with Germany is classified within region Dfb which is defined as 
snow, fully humid, with a warm summer. Region Dfb covers a broader area in T. 
radicans native range, limited to the northern United States and southern Canada (Peel 
et al., 2007a,b; Rubel & Kottek, 2010; http://koeppen-geiger.vu-wien.ac.at/, figure 4.3). It 
should be noted that climate appears to have a strong influence on T. radicans growth 
form, which may in turn influence the level of its ecological impacts. In much of the 
eastern and mid-western regions of the United States, T. radicans grows as a large 
climbing woody vine. However, at the extreme northern limit of its American and 
Canadian range, T. radicans occurs only as a low-growing, trailing vine (Voss, 1985). 
 
Main climates Precipitation Temperature
A: equitorial D: snow W: desert s: summer dry h: hot arid b: warm summer f: polar frost
B: arid E: polar S: steppe w: winter dry k: cold arid c: cool summer t: polar tundra
C: warm f: fully humid m: monsoonal a: hot summer d: extremely continental
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T. radicans is naturalised in Italy and possibly Northern France (Dep. Seine-Maritime) 
(EPPO, 2014; Tela Botanica, 2014). According to the Koppen-Geiger climate 
classification, the Netherlands is climate matched with the northern half of France and 
partially climate matched with the southern half of France and the northernmost regions 
of Italy (Figure 4.4).  
 
Figure 4.4: The Netherlands (region Cfb and Dfb) and countries where poison ivy 
(Toxicodendron radicans’) has become naturalised and invasive. Adapted from Peel et al. 
(2007a,b). 
	    
Main climates Precipitation Temperature
A: equitorial D: snow W: desert s: summer dry h: hot arid b: warm summer f: polar frost
B: arid E: polar S: steppe w: winter dry k: cold arid c: cool summer t: polar tundra
C: warm f: fully humid m: monsoonal a: hot summer d: extremely continental
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5. Distribution, dispersal and invasiveness 
 
5.1. Global distribution  
	  
Figure 5.1 gives an overview of its current world distribution in nature. It should be noted 
that a single record of T. radicans in free nature was enough to categorise a country as 
colonised. Poison ivy (Toxicodendron radicans) is widely distributed and abundant with 
a native range covering the northern United States (Connecticut, Indiana, Maine, 
Massachusetts, Michigan, New Jersey, New York, Ohio, Pennsylvania, Rhode Island, 
Vermont, West Virginia, Illinois, Iowa, Kansas, Minnesota, Missouri, 
Nebraska, Oklahoma, Wisconsin); south-eastern United States (Alabama, 
Arkansas, District of Columbia, Florida, Georgia, Kentucky, Louisiana, Maryland, 
Mississippi, North Carolina, South Carolina, Tennessee, Virginia), south-central United 
States (Texas) and south-western United States (Arizona) (Francis, 2003; Mohan et al., 
2006; USDA Forest Service, 2014). T. radicans is also native to Canada, Bermuda, 
Guatemala, the western Bahamas, Mexico, Japan, China, Taiwan, and Russia (Kurile 
Islands, Sakhalin) (Shishkin, 1949; Cronquist et al., 1997; Gillis, 1971; Godfrey, 1988;; 
USDA Forest Service, 2014; Mohan et al., 2006). A second Russian source does not list 
T. radicans as part of the Russian flora (Cezerpanov, 2007). This maybe because 
Shiskin (1949) lists T. radicans spp. orientale as T. orientale. However, Shiskin (1949) 
does state that T. radicans was planted in many botanical gardens in southern Russia. 
 
Figure 5.1: International distribution of poison ivy (Toxicodendron radicans) based on published 
sources.  
	  
T. radicans has been introduced to Europe where it is naturalised in Italy, France, and 
possibly Germany and western regions of the Czech Republic (Linskens, 1982; Celesti-
Grapow et al., 2009; EPPO, 2014; Tela Botanica, 2014). In Italy, T. radicans occurs on 
Non-native range 
Unverifiable records 
Native range 
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the Ligurian coast where climbers are reported to have suffered from contact dermatitis 
associated with the plant and possibly south Tyrol (Linskens, 1982; Suimonti.it, 2014). In 
Germany, the plant is mostly found in botanical gardens, however there is one report 
from 2009 of T. radicans growing in a communal garden in Dachau, Bavaria 
(Pflanzenschutz, 2014). There are also examples of isolated introductions of T. radicans 
to private gardens in Germany and Wales. In these cases plants were imported by the 
public following holidays in North America (Walker et al., 2003; Schauder et al., 2006). 
In Wales the plant grew but never flowered. Records from the New Forest in the United 
Kingdom have been reported however these are potentially unreliable and could not be 
verified (M. Rand, botanical recorder for south Hampshire, UK, pers. comm.). 
 
Reports from outside Europe suggest that the plant has become invasive in Australia 
and New Zealand and caused reported cases of contact dermatitis (Apted, 1978; Mohan 
et al., 2006). However, other sources suggest that the plant has only been occasionally 
planted in these countries or do not list it as naturalised in Australia (J. van Valkenburg, 
pers. comm.; Randall, 2007; Richardson et al., 2011). T. radicans may have been 
introduced to South Africa (Ross, 1959; Mohan et al., 2006), however this could not be 
verified (J. van Valkenburg, pers. comm.).  
 
5.2. Current distribution in the Netherlands 
 
5.2.1 Geographical distribution and trends in range extension 
 
 
Figure 5.2: Distribution of poison ivy (Toxicodendron radicans) in the Netherlands (Data source: 
see chapter 2.2). 
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Poison ivy (Toxicodendron radicans) is naturalised at a single location in the 
Netherlands in the municipality of Sudwest Fryslân in the southwest of the province of 
Friesland (Fig. 5.2). A few old records from the province of Brabant resulted from errors 
in plant identification and are therefore invalid. The Dutch herbalists archive (Nederlands 
Kruidkundig Archief) mentions a possible specimen record from 1904 of T. radicans 
recorded as ‘Rhus toxicodendron?’ collected by Blijdenstein from the Lonneker area in 
the province of Overijssel (Goethart, 1905). However, the question mark suggests that 
there was some doubt over its correct identification. More recent records from this area 
do not exist and, as the kilometre squares covering this location have been recently well 
surveyed, it is unlikely that T. radicans is still present here. 
 
Table 5.1: Botanical gardens in the Netherlands that grow poison ivy (Toxicodendron radicans).  
Name Location Number of plants 
Produce 
seeds? 
Produce 
seedlings? Comment 
Botanische tuin Utrecht Utrecht 1 Yes No Clearly marked with warnings 
Botanische tuin Delft  Delft 0 No ? Recently removed  
Botanische tuin Leiden Leiden 1 ? ?  
Hortus Botanicus 
Amsterdam Amsterdam 1 ? ? 1 of 2 plants recently removed 
Openluchtmuseum 
Arnhem Arnhem 2 ? ? 
1 of 2 plants in the process of 
being removed 
Hortus Alkmaar* Alkmaar 1 No No Clearly marked with warnings 
*Has a store of seeds, however, due to age these may not be fertile. 
 
A survey of botanical gardens in the Netherlands revealed that five botanical gardens 
grow T. radicans as part of their collection (Table 5.1). One grew T. radicans recently in 
a container as part of an exhibition (Fig. 5.3), however in their garden the plant has 
recently been removed.  
 
Figure 5.3: Poison ivy (Toxicodendron radicans) at an exhibition of invasive plants 
(“Plaagplanten”) in the Botanical garden at Delft University (Photo: R. Leuven).   
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The record in Friesland lies on the Vangdijk between the lakes Morra and Vogelhoek. 
The species was planted in 1919 to strengthen the dike (van der Ploeg, 1966; RIVM, 
2014). The plant grew abundantly and was present along the entire length of the east 
side of the dike in 1965 (van der Ploeg, 1966). A survey in October 2009 revealed that 
the plant remained abundant on the east side and the plant was discovered growing at 
one location on the west side of the dike (Weijs & van Valkenburg, unpublished). When 
the location was revisited in October 2014, a total of four locations of T. radicans growth 
were observed on the west side of the dike. Both male and female plants were present. 
The slopes and the base of the dike are overgrown with a thicket of mostly hawthorns 
and willows. T. radicans was growing abundantly over a length of over 400 metres along 
the surface and was observed locally to have climbed to more than five metres into 
hawthorn and willow trees. The total area on which the plant grows is estimated to be 
over a quarter (0.27) acre (Fig. 5.4). Growth is centered over the dike and a cycle path. 
The verges of the cycle path are regularly mowed by the municipality and are, for the 
most part, free of T. radicans. To the west of the bike path, T. radicans grows only 
across the ground and has not yet climbed into bushes. No evidence of further dispersal 
and growth was observed in the immediate vicinity of the Vangdijk. 
 
Figure 5.4: Distribution of poison ivy along the Vangdijk, October 2014 (grid squares 50x50 
metres). 
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It can be concluded that the plant in the past, almost 100 years, has spread minimally 
beyond the location where it was originally planted. In recent years, T. radicans has 
established at a few locations lying about five metres away from the original habitat. It is 
not clear whether the new growth sites have developed as a result of roots that have 
grown under the bicycle path or through seed dispersal. Both male and female flowers 
were observed and seeds obtained from the plants on the Vangdijk are able to 
germinate (J.L.C.H. van Valkenburg, pers. comm.). Therefore, colonisation of other 
locations by T. radicans as a result of seed dispersal cannot be ruled out. 
 
5.2.2. Colonisation of high conservation value habitats  
 
The location at the Vangdijk is located entirely within the Natura 2000 area 
‘Oudegaasterbrekken, Fluessen en omgeving’ according to the European Habitat 
Directive and Bird Directive. The habitats in this Natura 2000 area are ‘H3150 - Natural 
eutrophic lakes with Magnopotamion or Hydrocharition-type vegetation’ and ‘H6430 - 
Hydrophilous tall herb fringe communities of plains and of the montane to alpine levels’. 
Marsh sow thistle (Sonchus palustris) is a characteristic species of habitat-type H6430. 
A few individuals of this species grow on the eastern side of the Vangdijk. 
 
5.3. Pathways and vectors for dispersal  
	  
An overview of the potential vectors and dispersal mechanisms of T. radicans is given in 
table 5.2. 
 
5.3.1. Dispersal potential by natural means 
 
In its native range, T. radicans is dispersed naturally by mammals and birds either 
following ingestion of the fleshy fruit or when dropped. Senchina (2008b) reports that 
people, deer, cows, goats, muskrats play a role in the dispersal of T. radicans seeds in 
North America. These species are also present in the Netherlands. Rabbits may also 
play a role in dispersal, however, it is unlikely that rabbits will act as dispersal vectors 
from the location at the Vangdijk. In its North American range, at least 75 species of 
birds, such as wild turkeys (Meleagris gallopavo), northern bobwhites (Colinus 
virginianus), ruffed grouse (Bonasa umbellus), and sharp-tailed grouse (Tympanuchus 
phasianellus), eat the fruits and seeds of T. radicans (e.g. Baird, 1980; Hayes & 
Garrison, 1960; Hunter, 2000; Krefting & Roe, 1949; Mulligan & Junkins, 1977; USDA 
Forest Service, 2014). Senchina (2008b)  names a large number of bird species as 
potential dispersal vectors for T. radicans in North America, including the  European 
starling (Sturnus vulgaris). Mammals including bears, mule deer, white-tailed deer, 
moose, foxes, woodchucks, muskrats, rabbits, squirrels, woodrats, and mice consume 
the leaves, stems, and fruits (e.g. Halls, 1977; Hunter, 2000; Nixon et al., 1970; Penner 
et al., 1999; Swihart, 1990; Terrel, 1972, USDA Forest Service, 2014). A Canadian 
study concluded that puffed grouse (Bonasa umbellus), red squirrels (Tamiasciurus 
hudsonicus) and grey squirrels (Sciurus carolinensis) were most commonly observed to 
feed on the fruits of T. radicans. Germination of seeds derived from B. umbellus faeces 
germinated similarly to seeds obtained directly from T. radicans plants. Squirrels 
behaved as seed predators by removing  the exocarps and mesocarps of fruits and 
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eating the seeds. However, squirrels also dispersed viable seeds by dropping individual 
fruits or entire infructescences during transfer to dining or caching sites and therefore 
can be viewed as effective dispersal agents (Penner et al., 1999). Dispersal occurs 
more frequently under the branches of trees and forest edges as frugivorous birds are 
more likely to feed at these locations (Londré & Schnitzer, 2006; Hardin, 1988). 
Moreover, rodents may predate on seeds dropped by other mammals and birds, 
particularly under dense vegetation (Hulme, 1998; Kollmann, 2000). Heavy browsing by 
livestock may occur and sometimes reduces the local abundance of poison ivies (USDA 
Forest Service, 2014). Wildlife and livestock do not suffer ill effects from eating T. 
radicans vegetation or fruit (Coile, 1996; Hayes & Garrison, 1960; USDA Forest Service, 
2014). Fruits that remain untouched may deposit beneath the plant in spring (USDA 
Forest Service, 2014). Occasionally flowing water may act as a dispersal vector 
(Vazquez & Givnish, 1998; Schneider & Sharitz, 1988). 
 
T. radicans has been present at a single location at the Vangdijk in Friesland where it 
has flourished since 1966, covering the entire length of the dike. In general, T. radicans 
is able to reproduce in two ways, vegetatively through branching, fragmentation and 
subsequent root production, and through seed dispersal (predominantly zoochory). 
Frugivorous birds are the most important dispersers of fleshy-fruited species in 
temperate Europe (Kollmann, 1994; Kollmann, 2000). However, despite prolific fruit 
production, T. radicans appears unattractive to local frugivorous birds (Weijs & van 
Valkenburg, unpublished). At the Vangdijk, birdwatchers have never noticed the fruit of 
T. radicans being consumed by birds, however blackbirds and other members of the 
thrush family visit hawthorns frequently (personal communication Sietske Rintjema It 
Fryske Gea). Fruit from the previous year seems to be still present suggesting that fruit 
remains untouched. Instead T. radicans dominates the local flora and appears to have 
spread vegetatively to an adjoining grass verge (Weijs & van Valkenburg, unpublished) 
(Figure 5.5). The  limited spread of the species since its introduction in 1919 suggests 
that zoochory is irrelevant to the dispersal of T. radicans at the Vangdijk. It is not known 
why seed spread by birds, such as the S. vulgaris, and other animals does not appear to 
play a role.  
 
Figure 5.5: Possible vegetative spread of poison ivy (Toxicodendron radicans) to a grass verge 
in Friesland, the Netherlands (Photo: J. van Valkenburg). 
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5.3.2. Dispersal potential with human assistance  
 
An overview of the potential dispersal vectors and mechanism available to T. radicans is 
given in table 5.2. There are a few examples in literature that describe isolated 
introductions of T. radicans outside of its native range by members of the public. 
Isolated examples of human mediated transport of cuttings of T. radicans to private 
gardens have occurred in the Netherlands, Wales and Germany (Walker et al., 2003; 
Schauder et al., 2006; RIVM, 2014). These cases emerged after the garden owners 
presented at medical centres with symptoms of contact dermatitis. The species may be 
planted as an ornamental or medicinal plant (Francis, 2003).  
 
Table 5.2: Potential dispersal vectors / mechanisms of poison ivy (Toxicodendron radicans). 
Vector / 
mechanism 
Source of observation Examples and relevant 
information 
References 
 
Vegetative 
reproduction The Netherlands 
Plants appear to have reproduced 
only vegetatively in Friesland, the 
Netherlands but does produce 
seeds. 
Weijs & van Valkenburg, 
unpublished 
Birds North America 
Seeds have similar germination 
potential once excreted by puffed 
grouse (B. umbellus) as those 
taken directly from the T. radicans 
plant. 
Malmborg & Willson, 1988; Stiles & 
White, 1986; Vazquez & Givnish, 
1998; Schneider & Sharitz, 1988 
Mammals North America 
Red and grey squirrels appear to 
be a major vector of seed 
dispersal by dropping fruits. 
Stiles & White, 1986; Vazquez & 
Givnish, 1998; Schneider & Sharitz, 
1988; Penner et al., 1999 
Hydrochory North America Seed dispersal via flowing water. Schneider & Sharitz, 1988 
Trade The Netherlands, Slovakia, North America 
E-commerce, plants transported 
in the post. This study 
Hobbyists North America Plant swapping,  informal buying / selling. This study 
 
The increase in e-commerce has exacerbated the problem of invasive plant sales, 
giving retailers the ability to advertise online and send plants in the post (Kay & Hoyle, 
2001). E-commerce has allowed importers direct access to customers and increasing 
access to plants sourced from other countries. Once bought, there is a risk that 
unwanted plants may be disposed of to the environment. Internet sales and national 
advertising campaigns result in small quantities of plants being sent by mail to many 
tens of thousands of hobbyists distributed over wide areas. Moreover, the existence of 
dedicated websites results in the sharing and swapping of plants nationally and across 
international borders (Giltrap & Reed, 2009). National and international sales or sharing 
of plants between individual consumers results in quarantine and regulation problems as 
small consignments sent by post are difficult to monitor and intercept (Giltrap et al., 
2009). 
 
A search of Google.nl using the search term ‘Toxicodendron radicans te koop’ returned 
two retailers who were prepared to supply T. radicans, a botanical garden based in the 
Netherlands that was prepared to supply seeds, and a supplier based in Slovakia who 
was prepared to supply plants and seeds.  It was revealed following email contact with 
the Dutch retailer that no information was supplied with the seeds and that T. radicans is 
grown in the retailer’s botanical garden in the presence of warning signs. However, the 
seeds were from a supply produced in 2010 and their potential for germination was 
therefore brought into question. The search terms ‘Toxicodendron radicans buy’ and 
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‘Rhus radicans buy’ both returned a single website aimed at trading between plant 
hobbyists based in the United States but featuring advertisements from international 
sellers. The search term ‘poison ivy buy’ returned one North American website that sold 
whole plants shipped in sealed bags, however, there were no details available 
concerning shipment outside of North America. The website recommended T. radicans 
as a deterrent against trespassing on private property. The search terms ‘gifsumak te 
koop’ and ‘Rhus radicans buy’ returned no results featuring online retailers willing to 
supply T. radicans in any form. None of the retailer’s websites visited gave information 
regarding the invasive nature of T. radicans or the importance of avoiding introductions 
of this species to nature on the retail page of any of the sites visited. The Google.nl 
search demonstrated the low availability of T. radicans from online retailers. Only five 
out of a total of 300 websites screened from all searches offered plants or seeds for 
sale, and only one of these was based in the Netherlands. However, the presence of a 
single online retailer willing to ship examples of T. radicans to the Netherlands could 
facilitate isolated introductions of the species. It should be noted that the number of 
retail websites advertising T. radicans for sale was dwarfed by the number of websites 
in English and Dutch describing the potential health effects of coming into contact with 
the plant. Additionally, there were a high number of websites listed that offered extracts 
of T. radicans as a herbal remedy.  
 
Currently, T. radicans is listed by only one nursery in the Netherlands (Plantago), 
however, it has not been stocked since 2007. 
 
5.4. Invasiveness 
 
T. radicans was planted at the beginning of the 20th century at the Vangdijk in Friesland, 
the Netherlands, in order to prevent dike erosion (van der Ploeg, 1966). In 1966, the 
plant was still growing along the entire length of the dike (500 metres), and plants had 
grown to the tops of willow and hawthorn trees (van der Ploeg, 1966). In 2009, 
representatives from FLORON concluded that no further records of T. radicans existed 
in the Netherlands. Recent observations show that the plant remains very dominant at 
the location in Friesland and has spread to an adjacent grass verge through vegetative 
reproduction. However, there is no evidence to suggest that T. radicans has been able 
to employ other dispersal modes such as zoochory at this location despite a plentiful 
supply of fruit (Weijs & van Valkenburg, unpublished).    
 
Although its non-native range is extensive, there is little available information regarding 
T. radicans’s ability to colonise countries neighbouring the Netherlands. To 2003, in the 
United Kingdom only one report of poison ivy dermatitis acquired from T. radicans 
existed. This case was caused by a garden plant that had been collected as a cutting 
from Pennsylvania (Walker et al., 2003). The plant appears to be naturalised in France 
(EPPO, 2014). There is no evidence to suggest that isolated introductions to private 
gardens in Wales and Germany have led to secondary spread. The best evidence of T. 
radicans invasiveness in western Europe may come from the Netherlands itself	  where a 
single large population with male and female specimens thrives. 
 
In general, T. radicans is an invader during the early stages of succession in many 
environments. It tolerates fire, insects and disease, and competes strongly with other 
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plants (Francis, 2003). Although resistant to herbivores, browsing will restrict the size 
and survivorship of plants. In its native range T. radicans is browsed regularly by 
muskrat (Ondatra zibethicus)	  and other herbivores. O. zibethicus is a non-native species 
that is well established in the Netherlands (Pederson & Wallis, 2004; Ziska et al., 2007; 
Naturalis Biodiversity Center, 2014). It is suggested that T. radicans employs a sit and 
wait strategy in late succession in forests by persisting at low abundance in the tree 
canopy until natural tree fall or another disturbance leads to an opening in the 
vegetation (Ladwig & Meiners, 2010; USDA Forest Service, 2014). 
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6. Impacts  
	  
6.1. Ecological effects  
 
6.1.1 Impacts on native species  
 
Adverse effects 
There is limited information available describing the impacts of T. radicans on native 
species in the Netherlands or climatically similar countries. T. radicans appears to be a 
dominant species occupying the site where it was introduced in at the beginning of the 
20th century. Here the plant has established a dense ground layer, climbed to the tops of 
willow and hawthorn trees, and spread vegetatively to an adjoining grass verge (Weijs & 
van Valkenburg, unpublished) (Fig. 6.1). The T. radicans growth form present at the 
Vangdijk features thick climbing stems suggesting that the Dutch climate may not impact 
the plant to the degree seen in the northern most reaches of its native range in North 
America where the plant appears as a low-growing trailing vine (Fig. 6.2) (Voss, 1985; 
Section 4.3). However, there is no information available in literature describing the 
impact of T. radicans on native species at this location.  
 
Figure 6.1: Poison ivy (Toxicodendron radicans) climbing A: hawthorn (Crataegus sp.) and B) 
willow (Salix sp.) at the Vangdijk, Friesland, the Netherlands (Photos: R. Beringen).  
 
Evidence from countries climatically dissimilar to the Netherlands suggest that T. 
radicans may alter plant species composition. For example, a North American study 
demonstrated that T. radicans had a negative association with wrinkle-leaved goldenrod 
(Solidago rugosa) a plant native to North America (Myster & Pickett, 1992). In the same 
study, the native North American species’ fine-leaved goldenrod (Solidago graminifolia), 
early goldenrod (Solidago juncea) and eastern red cedar (Juniperus virginiana) were 
positively associated with T. radicans. In a study of abandoned hay fields in New Jersey, 
the United States of America, succession in years 14 to 22 following the 
commencement of the study was characterised by the variation in abundance of T. 
radicans and rosa multiflora (Rosa multiflora) (Myster & Pickett, 1990). 
BA
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Figure 6.2: Poison ivy (Toxicodendron radicans) thick stemmed, climbing growth form present at 
the Vangdijk, Friesland, the Netherlands (Photo: J. van Valkenburg). 
 
Woody vines may alter succession by increasing tree mortality and limiting tree and 
herbaceous vegetation regeneration and growth, particularly in high light conditions that 
occur at forest edges, in forest glades or at early to mid-successional stages (Dillenburg 
et al., 1995; Mohan et al., 2006). A number of North American studies have 
demonstrated that tree mortality increases and tree regeneration reduces with 
increasing abundance of woody vines (Myster & Pickett, 1992; Dillenburg et al., 1995; 
Laurance et al., 2001; Phillips et al., 2002; Mohan et al., 2006). Moreover, woody vines 
exert indirect negative impacts through changes in the competitive balance between 
trees by colonising certain taxa disproportionately and limiting the regeneration and 
growth of non-pioneers (Schitzer & Bongers, 2002). Woody vines may also increase 
fragmentation by entangling neighbouring tree canopies and causing multiple tree falls 
(Laurance et al., 2001). It should be noted that climate appears to have a strong 
influence on T. radicans growth form which may in turn influence the level of its 
ecological impacts. In much of the eastern and mid-western regions of the United 
States, T. radicans grows as a large climbing woody vine. However, at the extreme 
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northern limit of its American and Canadian range, T. radicans occurs only as a low-
growing, trailing vine (Voss, 1985). 
 
Woody vines respond strongly to increased atmospheric carbon dioxide (CO2) 
concentrations and recent studies suggest that increases in atmospheric CO2 
concentration, associated with climate change, may increase the abundance of woody 
vines relative to their hosts (Phillips et al., 2002). Experimental work by Mohan et al. 
(2006) demonstrated that increased atmospheric CO2 in an intact forest ecosystem 
increased photosynthesis, growth, water use efficiency and biomass of T. radicans. The 
authors suggested that elevated atmospheric CO2 may be partly responsible for the 
increase in vine abundance in forest ecosystems observed by Schitzer & Bongers 
(2002) and Phillips et al. (2002). 
 
Positive effects 
T. radicans is an important species for herbivores in its native range. Fruits are an 
important food source over the winter period for upland game birds and song bird 
species (Francis, 2003). The plant is one of the most important food sources for white-
tailed deer (Odocoileus virginianus) in Indiana, the United States (Francis, 2003). Goats 
have been observed to favour T. radicans as a food source and have been used in 
management interventions (Francis, 2003). 
 
6.1.2. Alterations to ecosystem functioning 
 
Adverse effects 
By increasing tree mortality and preventing regeneration in its native range, T. radicans 
establishment may lead to changes in species composition that in turn may effect 
carbon cycling and biodiversity in forests (Phillips et al., 2002; Mohan et al., 2006). 
Observations in an experimental garden in Maryland, USA demonstrated that woody 
vines competed below and above ground with trees leading to reduced tree leaf 
photosynthetic capacity, reduced photosynthetic nitrogen-use efficiency and a lower 
allocation to leaves compared with stem (Dillenburg et al., 1995). Moreover, a study 
located in a South American tropical rain forest demonstrated that woody vines were 
especially abundant in disturbed areas and at forest edges, and that the physical stress 
on trees and competition for light and nutrients resulting from heavy infestations 
appeared partly responsible for the high rates of tree mortality and damage at these 
locations (Laurance et al., 2001). 
 
Positive effects 
No information regarding positive effects of T. radicans on ecosystem functioning was 
found in the literature. 
 
6.2. Socio-economic effects 
 
Adverse effects 
In North America, people undertaking wilderness, rural, suburban recreational activities 
and outdoor workers are at risk of exposure to T. radicans leading to cases of contact 
dermatitis and significant economic costs resulting from sick leave and medical 
treatment (NIOSH, 2014). Examples of high risk occupations include farmers, foresters, 
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landscapers, groundskeepers, gardeners, painters, roofers, pavers, construction 
workers, labourers and mechanics. Employees who come into contact with the smoke of 
burning T. radicans such as forestry workers and firefighters suffer an additional risk 
from lung irritation following inhalation (Gladman, 2006). In the Netherlands, there is 
some evidence of severe contact dermatitis resulting from exposure to urushiol leading 
to hospital admissions (van der Ploeg, 1966). 
 
 
Positive effects 
The attractive dark green summer foliage of T. radicans, which becomes brightly 
coloured in Autumn, adds to the beauty of forests and shrub-lands. The plant has been 
used as an ornamental plant and for conservation plantings to a limited extent (Francis, 
2003). 
	  
6.3. Public health effects 
	  
Adverse effects 
The toxicology, health effects and treatment are summarized in RIVM (2014). T. 
radicans, like all Toxicodendron plants, contains the chemical urushiol that is present in 
the leaves, roots, berries and stems (Boelman, 2010). Urushiol, is an allergen in 
humans and several higher primates (Figure 6.3).  
 
 
Figure 6.3: Chemical structure of urushiol. R = side chains that vary in length with different 
numbers of unsaturated compounds (Ma et al., 2012). 
 
It is only released if part of the plant is damaged, therefore slight contact may not result 
in an allergic reaction. However, urushiol can be released in smoke as a result of 
burning leading to lung inflammation and generalised dermatitis and may be passed on 
indirectly to humans via pet fur (Gladman, 2006; NIOSH, 2014; RIVM, 2014). Anecdotal 
examples of recreational activities that lead to urushiol exposure in the Netherlands are 
the picking of wild fruit and children playing. T. radicans remains allergenic throughout 
the year, however, in Autumn, the leaves turn red and become enriched with urushiol. 
Before leaf fall, urushiol and other important nutrients are reabsorbed by the plant 
making dead leaves non-allergenic (Gartner et al., 1993; Gladman, 2006). However, the 
naked stems remain allergenic and difficulties with identifying the plant in winter may 
result in un-intentional contact resulting in severe contact dermatitis (Gladman, 2006). 
Direct skin contact leads to allergic contact dermatitis 12 to 48 hours after exposure in 
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80-90 % of the human population (Fisher, 1996; Gladman, 2006; RIVM, 2014; Ohio 
State University, 2006). The level of exposure to urushiol required to precipitate an 
allergic reaction following skin contact in humans varies in literature from 50 µg to 2 mg 
(NIOSH, 2014; Gladman, 2006). Symptoms include swelling, erythema (redness), 
vesicle formation, and bullae (large blisters containing tissue fluid) that typically occur 
hours to days after exposure (Figure 6.4; Miller et al., 1996).  
 
Figure 6.4: Severe oozing and blistering on the limbs occurring in the days following contact with 
urushiol (Photos: Etereve, Joelloughead, Wikimedia commons). 
 
Oozing blisters are not contagious because they do not contain urushiol and the fluid 
cannot spread the rash to other parts of the body (Ohio State University, 2006). 
However, rubbing or scratching the blisters or rash may lead to bacterial infection, most 
commonly by Staphylococcus aureus and group A betahaemolytic streptococci (Brook 
et al., 2000; Ohio State University, 2006). Without treatment, the dermatitis resolves 
within approximately three to six weeks depending on the susceptibility of the individual 
(Gladman, 2006). Some individuals initially develop asymptomatic black lesions on the 
skin that cannot be washed off, with symptoms of dermatitis appearing later (black spot 
poison ivy). Black marks may also appear on virtually any surface where there is a 
sufficient concentration of resin, for example on clothing (Miller et al., 1996). Washing or 
boiling will not prevent subsequent reactions and affected clothing causes dermatitis 
indefinitely (Kurlan & Lucky, 2001; Schram et al., 2008). Care should be taken during 
the removal of protective clothing. Figure 6.5 is an example of contact dermatitis 
resulting from indirect exposure of the skin while removing urushiol contaminated gloves 
following a field assessment of T. radicans in the Netherlands. 
Repeated exposure may strengthen sensitization, resulting in stronger allergic reactions 
in subsequent cases of exposure (RIVM, 2014). 
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Figure 6.5: Symptoms of allergic contact dermatitis following indirect exposure to urushiol from 
contaminated gloves (Photo: J. van Valkenburg). 
 
Allergic cross-reactions have been reported for other plants within the Anacardiaeceae 
family such as the mango. Patch tests in patients who had been sensitized to urushiol, 
also showed positive responses to the mango allergens and vice versa (Oka et al., 
2004; RIVM, 2014). Sensitization to poison ivy is also described as one of the major 
factors for the development of reactions to mango (Herschko et al., 2005; RIVM, 2014). 
 
Table 6.1 gives an overview of reported cases of contact dermatitis resulting from 
urushiol exposure in the Netherlands. An article from 1966 reports that several children 
and adults developed severe skin irritations that led to long hospital stays following 
contact with T. radicans at the Vangdijk (van der Ploeg, 1966).  
 
Table 6.1: Records of contact dermatitis resulting from exposure to urushiol originating from 
poison ivy (Toxicodendron radicans) in the Netherlands.  
Date of 
exposure 
Associated 
activity 
Number 
of cases 
Exposure 
location 
Evidence 
type 
Additional 
information Reference 
1966 or 
before 
Swimming, 
picking wild 
fruit 
Several 
children 
and 
adults 
The Vangdijk, 
near 
Hemelum, 
Friesland 
Scientific 
article 
Occurrences of skin 
irritation confirmed by 
local doctors 
Van der Ploeg, 
1966 
in the 
Summer and 
Autumn of 
1997 to 
2005 
Gardening Family of three 
Private 
garden 
Scientific 
article 
Repeated exposure 
occurred to plants 
imported from North 
America by family 
members and then 
planted  
Leclercq, 2005; 
RIVM, 2014 
2004 Unknown One? Province of Zeeland Anecdotal 
Exposure occurred 
after the purchase of 
a plant in the 
Netherlands 
dr.C.J.W.van 
Ginkel, pers. 
comm. cited in 
Leclercq, 2005  
2008 or 
before Pruning work One  Unknown 
Photo (Fig. 
6.6)  
Bmvdam, 2008, 
Wikimedia 
commons 
October, 
2009 
Field 
assessment One 
The Vangdijk, 
near 
Hemelum, 
Friesland 
Photo (Fig. 
6.5) 
Indirect exposure to 
contaminated gloves  
J. van 
Valkenburg 
(pers. comm.)  
 
A further case was reported in the Dutch Journal of Medicine of a family (husband, wife 
and son), who suffered from serious skin reactions in consecutive years in the spring 
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and summer, characterized by severe itching, erythema, blisters and localised swelling 
(Leclercq, 2005; RIVM, 2014). Treatment with prednisone and oral antihistamines was 
necessary to curb the symptoms. No connection was made between the symptoms 
suffered and contact with T. radicans during medical consultations in the Netherlands. 
The plant was implicated as the cause of the skin reactions during consultation by a 
doctor in America during which it was revealed that the grandparents had brought the 
plant to the Netherlands from America. After total removal of T. radicans from the 
families garden where it had been planted, no further skin reactions occurred. It is 
possible that T. radicans is present in more gardens in the Netherlands, leading to 
contact dermatitis where the connection with T. radicans has not been identified (RIVM, 
2014). Leclercq (2005) also report anecdotal information about a case of contact 
dermatitis that occurred following exposure to T. radicans bought in 2004 in the 
Province of Zeeland, the Netherlands (dr.C.J.W.van Ginkel, pers. comm. cited in 
Leclercq, 2005). A photo obtained from Wikimedia commons shows erythema that is 
reported to have occurred following exposure to T. radicans, however, this could not be 
verified (Fig 6.6).  
 
Figure 6.6: Erythema following possible exposure to poison ivy (Toxicodendron radicans) during 
pruning work in the Netherlands (Photo: Bmvdam, Wikimedia commons). 
Other isolated reports of contact dermatitis have occurred in Germany and Wales after 
members of the public imported plants from North America for planting in their own 
gardens (Walker et al., 2003). At locations where the plant is widespread, T. radicans 
ranks among the most medically problematic plants. For example, in the United States 
contact with urushiol results in over 350,000 reported cases of contact dermatitis per 
year (Mabberly, 1993; Mohan et al., 2006). If T. radicans becomes more abundant and 
irritating to sensitive individuals as a result of future increases in atmospheric CO2 
concentration, greater health problem are likely to result (See section 6.1.1; Mohan et 
al., 2006). 
 
Virtually all the botanical gardens surveyed in the Netherlands reported that personnel 
had suffered health problems because of the T. radicans where the plant was kept. 
However, communication with the GP practice in Koudum that is responsible for the 
region including the Vangdijk revealed that medical staff were unaware that T. radicans 
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grew in their region and that no link had been made between potential skin problems 
and allergic dermatitis caused by contact with T. radicans (R. Beringen, pers. comm.). 
Furthermore, there are no reports of dermatitis resulting from exposure to T. radicans 
recorded by the public health service (GGD) in the Province of Friesland where the 
Vangdijk is located (RIVM, 2014).  
 
Further information on the implications of T. radicans for human health in the 
Netherlands can be found in RIVM (2014). 
 
Positive effects 
T. radicans leaf extract is used in herbal medicine to treat palsy (paralysis and 
involuntary tremors), rheumatism and herpetic eruptions (skin conditions caused by the 
herpes virus). Small oral doses have a sedating effect, however, dosages have to be 
calculated with care (Francis, 2003). 
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7. Available risk classifications 
 
7.1 Formal risk assessments 
  
No formal ecological risk assessments were found during the literature study. 
 
7.2 Other risk classifications 
 
According to the EPPO’s plant quarantine data retrieval system, T. radicans was 
classified as a quarantine pest species by Israel in 2009 (EPPO, 2014).
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8. Management options  
 
8.1. Prevention  
	  	  
The main vector of dispersal over long distance for poison ivy (Toxicodendron radicans) 
is the trade in garden plants. T. radicans is not commonly sold, however, the prevention 
of the selling of seeds and plants will help reduce the risk of introductions of the plant in 
the Netherlands. 
 
The risk of environmental workers developing allergic dermatitis and respiratory 
symptoms from contact with T. radicans can be reduced by applying the following 
policies and guidelines (Ohio State University, 2006):  
 
• Education in the recognition and avoidance of T. radicans.  
• Provision of appropriate protective clothing i.e. long trousers, long sleeved tops, 
gloves and closed footwear). 
• Wash clothes and equipment thoroughly at the end of the working day. 
• Avoid cross contamination by keeping work clothing separate. 
• Avoid cross contamination by keeping equipment separate. 
• Shower rather than bathing at the end of the working day as urushiol will remain 
in bath water.  
• Avoid the disposal of T. radicans through burning. 
	  
8.2. Eradication and control measures 
 
8.2.1. Management at the Vangdijk location, the Netherlands  
 
The verges on both sides of the bike path on the Vangdijk are mowed approximately 
once per month from April until October, maintaining the vegetation at a low level within 
metre wide strips (Figure 8.1). The strip either side of this mowed area is mulched once 
per year to discourage weed growth. The mower operator sits on an open lawnmower 
and does not wear protective clothing. All vegetation is left lying where it was cut (J. 
Koornstra, gemeente Sudwest Fryslân, pers. comm.).  
 
Figure 8.1: Management of poison ivy (Toxicodendron radicans) at the Vangdijk, Friesland, the 
Netherlands. (Photo: R. Beringen). 
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Informal observations from this site suggest that mowing once a month from April until 
October totally suppress the above ground growth of T. radicans. The strip further away 
from the bike path is mowed with a flail mower once a year in July or August. Cutting is 
carried out by a mower equipped with a closed cabin. Any clippings and pruned 
branches are left where they are cut (It Fryske Gea and J. Koornstra, pers. comm.). 
After complaints about overhanging vegetation that included T. radicans received in July 
2014, an upright flail mower was used to trim the shrubs along the bike path. 
 
8.2.2. Manual and mechanical control 
 
T. radicans features long creeping, underground rhizomes. These grow shallowly, 
extending only to 10 to 15 cm deep approximately. The roots that develop from the 
rhizomes may grow to 3.7 m deep. T. radicans can be removed by carefully digging out 
the rhizomes and roots. However, attempted removal by ploughing or by hand may 
leave fragments in the soil which will sprout and eventually replace the original plants. 
Following manual removal the cleared area must be monitored to identify possible 
regrowth. To prevent daylight encouraging regrowth, the cleared area can be covered 
with an opaque material (geotextile). Sowing or planting a ground covering plant may 
also help to suppress regrowth. Repeatedly cutting the plant down to the ground for 
many years will exhaust the root system and eventually kill the plant. 
 
The disposal of T. radicans cuttings is problematic. The smoke of burning T. radicans 
cuttings contains urushiol. Inhaling can cause severe irritation of the lungs. It is not clear 
how long urushiol persists in compost. However, it probably remains active for several 
years. For woody plants like T. radicans, shredding is necessary prior to composting. 
However, urushiol can be spread during the shredding process. Isolation of T. radicans 
plant waste by burying deeply to avoid regrowth or by placement in a sealable bin or 
plastic bag rather than on a compost pile is recommended. Leaves that are shed 
naturally in autumn do not contain urushiol (Haws, 2000; Meister, 2006;	  Sachs, 2014). 
 
8.2.3. Biological control 
 
Ungulates such as deer (Odocoileus spp.), goats (Capra spp.) and cattle (Bos spp.) 
browse on T. radicans (Gillis, 1971; Senchina, 2008a; USDA Forest Service, 2014). The 
majority of mammal species are not sensitive to urushiol (Senchina, 2008a). Particularly 
goats seem to prefer T. radicans and browse on it without apparent adverse effects 
(Eco-goats, 2014). Cattle and goats do not transfer the urushiol to their milk or to their 
manure (Kouakou et al., 1992). Goats do not eat T. radicans roots, therefore 
suppression of T. radicans with goats has to be continued over several years until the 
root system is depleted. Goats can also be used to control regrowth after manual or 
mechanical digging or pulling. An electric fence or other enclosure will be needed to 
confine goats to locations infested with T. radicans (Haws, 2000). Caution should be 
taken not to come into contact with goats that have browsed T. radicans as their coats 
may be contaminated with urushiol. 
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8.2.4. Chemical control 
 
T. radicans is very resistant to conventional herbicides. Herbicides that are used in T. 
radicans control are Glyphosate (N-(phosphonomethyl)glycine), triclopyr (3,5,6-
Trichloro-2-pyridinyloxyacetic acid) and 2,4-D (2,4-Dichlorophenoxyacetic acid). 
Triclopyr and 2,4-D have proven to be more effective than Glyphosate in the control of 
T. radicans (Wehtje & Gilliam, 2012; Wehtje et al., 2013). According to the Dutch board 
for the authorization of plant protection products and biocides (ctgb), certain 
preparations of glyphosate, 2,4-D and triclopyr may be used in the Netherlands by 
professionals and non-professionals. It should be noted that after applying herbicides, 
the plant remains will still contain urushiol.	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9. Conclusions and recommendations  
 
9.1. Conclusions  
 
Poison ivy (Toxicodendron radicans) was planted at the beginning of the 20th century in 
Friesland, the Netherlands in order to prevent dike erosion. T. radicans remains highly 
abundant at this location and is the cause of occasional complaints from the public of 
allergic reactions and contact dermatitis relating to the allergen urushiol that is contained 
in the plants resin. 
Habitat description 
• In its native range, T. radicans establishes in forests, fields, on the margins of 
ponds and lakes, riparian areas, seasonally or intermittently flooded areas, 
marshes, swamps, dry barren flats, slopes, cliffs, rocky ridges. Additionally, the 
plant occurs in urban environments such as parks, roadsides, gardens, railway 
tracks and vacant lots. 
• T. radicans prefers moist but well-drained soils, although the plant tolerates a wide 
range of conditions. The plant occurs in soils of all nutrient types but favours 
nutrient rich conditions and soils with a high calcium content. T. radicans grows in 
clay, silty, loamy and sandy soils featuring a wide range of moisture content. It also 
occurs at locations dominated by rocks, stones, cobbles and gravel. The plant 
requires a stable surface for root attachment when climbing, as opposed to rapidly 
exfoliating or crumbling bark. 
• T. radicans is intolerant of extreme cold. In Canada, horizontal root sections and 
vertical stems are often killed during winter. In temperate forest, intolerance to 
freezing results in a relatively short growing season compared to many shrubs and 
trees. In the United States and Canada, T. radicans tolerates average annual 
temperatures ranging from 4 °C to 22 °C. 
• T. radicans grows in full sunlight but is most abundant in moderately shaded 
locations such as forest glades and edges. At the Vangdijk, the Netherlands, the 
plant is most abundant at unshaded locations. Evidence from a number of surveys 
in the United States indicate that T. radicans prefers locations where the tree 
canopy is partially closed. 
• T. radicans tolerates a wide range of pH, occurring in extremely acidic to 
moderately alkaline soils, but grows best in circum-neutral soils.	   
• In the United States and Canada, T. radicans occurs at locations with a mean 
annual rainfall ranging from 391 mm to 1572 mm. The plant appears to tolerate and 
may even be stimulated by flooding. T. radicans appears to be intolerant of drought.  
• T. radicans may benefit from increasing temperatures and carbon dioxide levels 
associated with climate change as a result of increased photosynthesis, water-use 
efficiency, growth and population biomass. 
 
Climate match 
• The Netherlands is climate matched with T. radican’s North American native range 
according to the Koppen-Geiger climate classification.  
• T. radicans is naturalised in Italy and France (Dep. Seine-Maritime). According to 
the Koppen-Geiger climate classification, the Netherlands is climate matched with 
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the northern half of France and partially climate matched with the southern half of 
France and the northernmost regions of Italy. 
  
Distribution, dispersal and invasiveness 
• T. radicans is widely distributed and abundant with a native range covering the 
northern, south-central, south-eastern and south-western United States. The plant 
is also native to Canada, Bermuda, Guatemala, the western Bahamas, Mexico, 
Japan, China, Taiwan, and Russia (Kurile Islands, Sakhalin). 
• T. radicans has been introduced to Europe where it is naturalised in Italy, France 
and possibly Germany and the Czech Republic. Records from the United Kingdom 
could not be verified. 
• T. radicans is reported to have been introduced in South Africa, New Zealand and 
Australia, although those records could not be verified. 
• The main vector of dispersal over long distance for T. radicans is the trade in 
garden plants. Currently T. radicans is listed by only one nursery in the Netherlands 
(Plantago), however, it has not been stocked since 2007. 
• The only location where T. radicans exists in the Netherlands occurs in the 
municipality of Sudwest Fryslân in south west region of the Province of Friesland. 
The location at the Vangdijk is located entirely within the Natura 2000 area 
‘Oudegaasterbrekken, Fluessen en omgeving’ according to the European Habitat 
Directive and Bird Directive. 
• In its native range, T. radicans is dispersed naturally by mammals and birds 
following ingestion of the fleshy fruit, and sometimes by water flow. The plant is also 
able to reproduce vegetatively, and this appears to be the most probable mode of 
dispersal available to it at the growing site in the Netherlands, in spite of producing 
seeds. 
• The results of a number of searches using Google.nl revealed that five out of a total 
of 300 websites screened offered T. radicans plants or seeds for sale, and only one 
of these was based in the Netherlands. Three cases of members of the public 
importing cuttings of T. radicans to Europe from North America were found during 
the literature study, from Netherlands, Germany and Wales.  
• T. radicans is an invader during the early stages of succession in many 
environments. It tolerates fire, insects and diseases, and competes strongly with 
other plants. In forests it is suggested that T. radicans employs a sit and wait 
strategy in late succession by persisting at low abundance in the tree canopy until 
natural tree fall or another disturbance leads to an opening in the vegetation. 
 
Ecological impacts 
• T. radicans appears to be the dominant species occupying the plant’s growing site 
in Friesland, the Netherlands. Here the plant has established a dense ground layer, 
climbed to the tops of willow and hawthorn trees, and spread vegetatively to an 
adjoining grass verge. However, there is no information available in literature 
describing the impact of T. radicans on native species at this location. 
• Evidence from climatically dissimilar countries to the Netherlands suggest that T. 
radicans may alter plant species composition. Generally, woody vines may alter 
succession by increasing tree mortality and limiting tree and herbaceous vegetation 
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regeneration and growth, particularly in high light conditions that occur at forest 
edges, in forest glades or at early to mid-successional stages. 
• Woody vines compete below and above ground with trees leading to reduced tree 
leaf photosynthetic capacity, reduced photosynthetic nitrogen-use efficiency and a 
lower allocation to leaves compared with stem. 
• It should be noted that climate appears to have a strong influence on T. radicans 
growth form which may in turn influence the level of its ecological impacts. In much 
of the eastern and mid-western regions of the United States, T. radicans grows as a 
large climbing woody vine. However, at the extreme northern limit of its American 
and Canadian range, T. radicans occurs only as a low-growing, trailing vine. 
Health impacts 
• T. radicans, like all Toxicodendron plants, contains urushiol in the leaves, roots, 
berries and stems. Urushiol, is an allergen in humans and several other higher 
primates. 
• Urushiol can be released in smoke as a result of burning leading to lung 
inflammation and generalised dermatitis. Burning is not being advised as a measure 
to destroy plant materials. 
• Direct skin contact leads to allergic contact dermatitis 12 to 48 hours after exposure 
in 80-90 % of the human population. Symptoms include swelling, erythema 
(redness), vesicle formation, and bullae (large blisters containing tissue fluid) 
typically occur hours to days after exposure. Rubbing or scratching the blisters or 
rash may lead to bacterial infection. 
• At locations where the plant is widespread, T. radicans ranks among the most 
medically problematic plants. In the United States contact with urushiol results in 
over 350,000 reported cases of contact dermatitis per year.  
• There are no reports of dermatitis resulting from exposure to T. radicans recorded 
by the public health service (GGD) in the Province of Friesland or the local GP 
practice closest to the location where T. radicans appears in nature. However, the 
GP practice was not aware that T. radicans is present in their region and therefore 
may not have made the link between T. radicans and patients suffering with 
dermatitis symptoms. Nearly all surveyed botanical gardens in the Netherlands 
reported that personnel had suffered health problems because of contact with T. 
radicans where the plant was kept. 
 
Economic impacts 
• In North America, people undertaking wilderness, rural and suburban recreational 
activities, and outdoor workers are at risk of exposure to T. radicans leading to 
cases of contact dermatitis which incur significant economic costs resulting from 
sick leave and medical treatment. 
• Examples of high risk occupations include farmers, foresters, landscapers, 
groundskeepers, gardeners, painters, roofers, pavers, construction workers, 
labourers and mechanics. Employees who come into contact with the smoke of 
burning T. radicans, such as forestry workers and firefighters, suffer an additional 
risk from lung irritation following inhalation. 
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Available risk classifications 
• No formal ecological risk assessments were found during the literature study. 
 
9.2. Effective management options 
	  
• T. radicans can be removed by carefully digging out the complete plant with 
rhizomes and roots. However, attempted removal by ploughing or by hand may 
leave fragments in the soil which will sprout and eventually replace the original 
plants. 	  
• To prevent regrowth, the cleared area can be covered with an opaque material. 
Sowing or planting a ground covering plant may also help to suppress regrowth.	  
• Repeatedly cutting the plant down to the ground for many years will exhaust the 
root system and eventually kill the plant.	  
• Isolation of T. radicans plant waste by burying deeply to avoid regrowth or by 
placement in a sealable bin or plastic bag rather than on a compost pile is 
recommended.	  
• Particularly goats seem to prefer T. radicans and browse on it without apparent 
adverse effects. Suppression of T. radicans with goats has to be continued over 
several years until the root system is depleted.	  
• The herbicides triclopyr and 2,4-D have proven to be more effective than 
Glyphosate in control of T. radicans. Glyphosate and 2,4-D may be used in the 
Netherlands. After applying herbicides, the plant remains will still contain urushiol.	  
	  
9.3. Recommendations for further research 
 
Genetic analysis of poison ivy plants present in the Netherlands is recommended to 
confirm their identity as T. radicans spp. radicans. The reasons given for the limited 
distribution and dispersal capacity of T. radicans in the Netherlands i.e. its inability to 
spread through seed dispersal remain unclear. Further research is required to 
elucidate the feeding behaviour of frugivores that act as potential vectors of seed 
spread in the Netherlands. Establishing the specific conditions that could allow the 
plant to spread from the location at the Vangdijk and from botanical gardens in the 
Netherlands will allow nature managers to better predict the likelihood that T. radicans 
will colonise and become invasive at other locations. Establishing the conditions that 
allow T. radicans to spread will facilitate the design of more effective management 
measures. Due to the potentially extensive T. radicans seed bank expected at the 
Vangdijk and the associated risk of further spread, it is recommended that seeds taken 
from the seed bank at the Vangdijk are tested for long term viability. 
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Appendices 
Appendix 1: Results of field survey 2014.  
Location Vangdijk, Hemelum  
Date of field search 
7-10-2014  
Amersfoort coordinates (RD, km) 150-544  
   
   Tansley survey 	   	  
	   	   	  
Toxicodendron radicans Gifsumak a 
Crataegus monogyna Eenstijlige meidoorn f 
Galium aparine Kleefkruid f 
Phragmites australis Riet f 
Salix alba Schietwilg f 
Carex acutiformis Moeraszegge la 
Convolvulus sepium Haagwinde o 
Dryopteris dilatata Brede stekelvaren o 
Hedera helix Klimop o 
Iris pseudacorus Gele lis o 
Quercus robur Zomereik o 
Ribes rubrum Aalbes o 
Rosa canina s.l. Hondsroos s.l. o 
Rubus fruticosus Gewone braam o 
Salix cinerea Grauwe wilg s.l. o 
Solanum dulcamara Bitterzoet o 
Urtica dioica Grote brandnetel o 
Angelica sylvestris Gewone engelwortel r 
Dryopteris filix-mas Mannetjesvaren r 
Eupatorium cannabinum Koninginnekruid r 
Lonicera periclymenum Wilde kamperfoelie r 
Sambucus nigra Gewone vlier r 
Sonchus palustris Moerasmelkdistel r 
Sorbus aucuparia Wilde lijsterbes r 
Ilex aquifolium 
 
Hulst r 
Tansley/DAFOR score d: dominant; a: abundant; f: frequent; o: occasional; r: rare (note: prefix I was used for 
local) 
 
